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EXPLANATORY STATEMENT 


the Fall Convention the ASCE New York, Y., 1954, the 
Hydraulics division presented symposium tidal hydraulics. Papers 
this symposium, far Proceedings are: 


“Tide Heights Along the Coasts the United States,” Disney. 
(Proc. Paper 666, April 1955) 


“Tidal Computations Shallow Water,” Dronkers and 
Schonfeld. (Proc. Paper 717, June 1955) 


“Computation Tides and Tidal Currents United States Practice,” 
Einstein and Fuchs. (Proc. Paper 715, June, 1955) 


“Tidal Currents Inlets the United States,” Joseph Caldwell. 
(Proc. Paper 716, June 


“Estuarine Circulation Patterns,” Pritchard. (Proc. Paper 717, 
June 1955) 


“Engineering Problems U.S. Tidal Waterways,” Douma. 
(Proc. Paper 789, September 1955) 


“Some Effects Upland Discharge Estuarine Hydraulics,” 
Henry Simmons. (Proc. Paper 792, September 1955) 


SOME EFFECTS UPLAND DISCHARGE 
ESTUARINE HYDRAULICS 


Henry 


Engineers concerned with the solution problems estuarine environ- 
ments have become keenly aware recent years that the amount fresh 
water discharged into estuary, and the degree which mixes therein 
with the salt water the sea, are major factors establishing the hydraulic 
and shoaling regimens the estuary involved. For the purpose this paper, 
the writer will illustrate the role upland discharge establishing estuary 
mixing type, describe simplified method for determining the most signifi- 
cant hydraulic characteristic estuaries, and demonstrate the effects 
changing the upland discharge into estuaries their hydraulic characteris- 
tics. Although estuarine sedimentation not principal matter concern 
this paper, the writer will discuss certain broad relationships between 
estuary hydraulic and shoaling phenomena. Interpretations data and opin- 
ions expressed herein are those the writer and are not necessarily those 
the Corps Engineers. 

Estuaries are semi-inclosed bodies water, freely connected with the 
sea, and most estuaries receive fresh-water runoff from upland drainage 
areas. result they contain both salt and fresh water varying amounts, 
since the fresh water entering the upstream end the estuary must eventu- 
ally find its way the sea and since the more dense salt water tends 
force its way upstream, usually underneath the fresh water but mixed with 
the fresh water some degree. The water the upstream reach 
estuary fresh nearly so, while that near the entrance consists largely 
sea water. 

The presence estuaries waters variable density causes marked 
differences the magnitudes, distributions, and durations the currents 
compared those single density system. The source the heavier 
salt water the seaward end the estuary and that the fresh water 
the upstream end. result the density difference, each type water 
tends assume rough wedge shape with the base the wedge the source 
and the point away from the source. The interface (or line demarkation 
between) the salt and fresh water may vary from well-defined almost ob- 
scure, depending the degree mixing the salt and fresh water any 
given estuary. Where the mixing slight the transition from fresh salt 
water well defined and occurs within small percentage the channel 
depth. the other hand, where the appreciable definite inter- 
face the salt and fresh water exists except isolated instances. 

Knowledge the degree mixing salt and fresh water estuary 
highly important the investigator concerned with the solution estuarine 
problems, since this phenomenon appears control certain important 
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features the hydraulic and shoaling characteristics estuary. For 
convenience, the degree mixing may separated into three broad cate- 
gories highly stratified, partly mixed, and well mixed, but the transition 
from one type mixing another gradual instead well defined. the 
subsequent paragraphs, the writer will illustrate some the most important 
characteristics the highly-stratified, and well-mixed estu- 
aries through the use current velocity and salinity data obtained South 
west Pass the Mississippi River, Savannah Harbor, and the Delaware 
Estuary. 

all estuaries which there significant stratification the salt and 
fresh water, the magnitudes, durations, and directions the currents above 
the interface are appreciably different from those below. Fig. shows 
schematically the distribution current velocities and directions highly- 
stratified estuary which Southwest Pass the Mississippi River provides 
excellent example. Upstream from the tip salt-water intrusion, the 
direction flow throughout the entire depth toward the sea all times 
with vertical velocity distribution similar that upland stream. 
Farther downstream the flow the fresh-water strata still toward the 
sea, but the direction flow the underlying salt water upstream 
all times. The cause the continuous upstream flow within the salt-water 
strata, even though the extent salt-water intrusion may stable, con- 
stant erosion salt water from the interface the outflowing fresh water. 
The salt water thus eroded must replaced maintain stability the in- 
trusion length, and continuous upstream current generated beneath 
the interface. 

The lengths the flow direction arrows fig. indicate the relative 
magnitudes currents throughout the highly stratified estuary. Maximum 
velocities the fresh-water strata occur near the surface and near the 
entrance the estuary, while the maximum currents the salt-water strata 
occur near the bottom and near the upstream limit intrusion. Generally 
speaking, velocities the fresh water decrease with distance from the sur- 
face and those the salt water decrease with distance from the bottom, with 
the result that point zero velocity found the vicinity the interface. 

The left portion fig. shows the normal vertical distribution salinity 
from surface bottom the highly-stratified estuary. will noted that 
the transition from fresh salt water occurs very quickly and small 
percentage the channel depth. The right portion fig. shows the normal 
vertical distribution current velocities point upstream from the limit 
salt-water intrusion and point within the region intrusion. The 
velocity distribution upstream from the limit intrusion quite similar 
that upland stream, while the distribution the downstream point 
indicates downstream flow above the interface and upstream flow beneath 
the interface. 

Rapid shoaling usually occurs the region the salt-water intrusion tip 
highly stratified estuary. The heavier particles sediment, which are 
rolled pushed along the river bed the outflowing fresh water, come 
rest soon the tip intrusion reached. The lighter particles, which 
are transported largely suspension the fresh water, gradually fall 
through the interface along the length intrusion and are transported up- 
stream the salt-water currents the vicinity the tip. The channel 
reach occupied the upstream limit intrusion therefore focal point 
for accumulation sediment from both upstream and downstream, with the 
heavier particles depositing just upstream from the intrusion limit and the 
lighter particles just downstream. 
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Fig. shows schematically the distribution current velocities and 
tions partly-mixed estuary, which the most common type found 
nature. Typical examples the partly-mixed estuary are the Hudson River, 
Charleston and Savannah Harbors, and the St. Johns River. The interface 
the partly-mixed estuary not well defined that the highly-stratified 
type, but can detected easily either salinity current velocity meas- 
urements. The interface the partly-mixed estuary moves upstream and 
downstream the tide floods and ebbs, usually over distance several 
miles. Although the currents both the fresh-water and salt-water strata 
usually reverse with tidal phase, the downstream currents the fresh-water 
strata are much stronger than the upstream currents, while the upstream 
currents the salt water strata are stronger than the downstream currents. 
the case the high!y-stratified estuary, the maximum currents the 
fresh water are usually near the surface and near the estuary entrance, 
while those the salt-water strata are usually near the bottom and near the 
upstream limit salt water intrusion. 

The left portion fig. shows the typical vertical distribution salinity 
high tide and low tide estuary; the horizontal difference 
between the two curves indicates the change salinity with tidal phase 
given point the vertical. These curves indicate that the salinity the 
bottom appreciably greater than the surface, especially low tide, and 
that the greatest change salinity from surface bottom occurs about 
per cent the total depth. The right portion fig. shows the typical 
vertical distribution current velocities station located upstream from 
the limit salt water intrusion and one located well down the saline 
region the estuary. the upstream station, the direction flow re- 
verses with tidal phase but the velocity distributions, both flood and ebb, are 
essentially the same upland stream. The ebb velocities this 
station are somewhat greater than the flood velocities, depending the 
amount fresh water entering the upstream end the estuary. the 
downstream station, ebb velocities the surface are much greater than 
flood velocities while flood velocities the bottom are appreciably greater 
than ebb velocities. Also, because the greater density the water the 
lower strata, the reversal flow from ebb flood occurs much earlier 
the bottom than the surface with the result that the duration the bottom 
flood current exceeds that the bottom ebb current. the surface the 
duration the ebb current exceeds that the flood because the fresh water 
exhausted from the estuary principally the surface strata. 

The region heaviest shoaling the partly-mixed estuary usually lies 
between the high tide and low tide positions the upstream limit saline 
intrusion indicated fig. the case the highly-stratified estu- 
ary, the heavier particles sediment come rest when they reach the in- 
trusion limit. The lighter particles may carried well down into the estu- 
ary before they enter the predominantly upstream flow the lower strata, 
but they are then transported back upstream the vicinity the intrusion 
limit. There little evidence sorting the sediment particles the 
partly-mixed estuary, since the intrusion limit moves back and forth over 
appreciable distance with tidal phase which permits intermingling the 
sediment particles. 

Fig. 5.shows schematically the distribution current velocities and di- 
rections the well-mixed estuary, which the Delaware and Raritan 
Estuaries provide typical examples nature. The mixing salt and fresh 
water high degree this type estuary, with the result that defi- 
nite interface does not exist except rare instances. However, surface 
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salinities are somewhat less than bottom salinities any given location. 
and careful analysis current velocity measurements will usually show 
characteristics similar those the partly-mixed estuary though much 
less prominent. Ebb velocities predominate over flood velocities the 

upper strata, but flood velocities usually predominate slightly over ebb 
velocities the bottom. cursory examination current velocity meas- 
urements made well-mixed estuary will usually leave the impression 
that ebb currents predominate over flood currents all depths, but de- 
tailed analysis the velocity data, methods which will discussed sub- 
sequently this paper, will show that the normal distribution flow 
similar that shown schematically fig. 

The left portion fig. shows the typical distribution salinity from 
surface bottom the well-mixed estuary high tide and low tide. 
will noted that the rate change salinity from surface bottom 
nearly constant; rapid change some critical depth not evident 
the case the partly-mixed estuary. However, bottom salinities are usually 
some per cent greater than surface salinities, and this difference 
sufficient affect the vertical distribution current velocities some ex- 
tent. 

The right portion fig. shows the typical vertical distribution cur- 
rent velocities the well-mixed estuary, both location upstream from 
the limit salt-water intrusion and location well within the salt-water 
region the estuary. The distribution currents the upstream station 
identical with that for similar location the partly- mixed estuary, 
since both are the fresh-water portion the estuary and unaffected 
density differences. the downstream station, surface velocities are appre- 
ciably stronger during than flood while bottom velocities are slightly 
stronger during flood than ebb. The characteristics the velocity distribu- 
tion the well-mixed estuary are therefore almost identical with those the 
partly mixed type, the difference between the two being almost completely 
the degree density effect. other words, the greater the density differ- 
ences from surface bottom, more properly stated the greater the degree 
stratification, the greater the distortion the vertical velocity distribution 
from that found upland streams. 

Since the effects density differences the vertical distribution cur- 
rents are the well-mixed estuary, the distribution shoaling this 
type does not appear directly related the limits salinity intrusion 
except isolated instances. The locations shoals the well-mixed estu- 
ary appear influenced more such factors excessive cross-sec- 
tional area, nonuniform flow caused islands and divided channels, and 
other physical features than the limits salinity intrusion. 

emphasized that the characteristics particular estuary nature 
may not identical with any one the three types used for illustration 
the foregoing paragraphs, since the specific estuary may fall anywhere the 
range from highly stratified almost completely mixed. This paper con- 
cerned primarily with the effects mixing salt and fresh water the 
hydraulics estuaries; let consider first the role upland discharge 
establishing the estuary’s mixing type. the writer’s opinion that the 
two principal factors that dictate whether estuary highly stratified, 
partly mixed, well mixed are (a) upland discharge, and (b) turbulent mix- 
ing fresh and salt water the estuary tidal action. normally find 
the highly-stratified estuary where the upland discharge large with respect 
the tidal forces, the partly-mixed estuary where both the upland discharge 
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and the tidal forces are fairly large, and the well-mixed estuary where the 
upland discharge small with respect the tidal forces. 

The mean tidal prism estuary (defined the volume water flow- 
ing into the estuary from the sea during average flood-tide period) pro- 
vides fair index its tidal forces, and the writer has found from experi- 
ence that the ratio mean upland discharge into estuary (defined the 
volume upland water entering estuary for conditions mean upland 
discharge and over the interval mean tidal cycle about 12.42 hours) 
its mean tidal prism fairly dependable index its mixing type. Where 
the ratio the order 1.0 greater (average for Southwest Pass the 
Lower Mississippi River about 1.25), normally find the highly-stratified 
type; where the ratio the order 0.25 (average for Savannah Harbor 
about 0.20), normally find the partly-mixed type; and where the ratio 
appreciably less than 0.1 (average for the Delaware Estuary about 0.01), 
normally find the well-mixed type. This ratio should used only 
very general way, since there evidence that one reach given estuary 
may partly mixed while another reach may well mixed for identical 
conditions tide and upland discharge, but does provide quick and fairly 
dependable means for predicting estuary mixing type the absence de- 
tailed measurements current velocities and salinities. 

can assume that upland discharge into estuary plays important 
role dictating whether will highly stratified, partly mixed, well 
mixed, then the importance prior knowledge indicating the effects chang- 
ing the upland discharge into estuary obvious. For example, existing 
partly-mixed estuary may changed well mixed reducing the upland 
discharge, may changed highly stratified increasing the upland 
discharge. Since information available the writer indicates that the pattern 
shoaling estuaries varies with type mixing, follows that estuarine 
sedimentation important effect upland discharge. 

considering the effects changes upland discharge the hydraulics 
estuary, and turn its shoaling characteristics, the investigator 
confronted with large number factors that may used for analysis; for 
example, change upland discharge may considered terms its 
effects maximum flood ebb velocities, mean flood ebb velocities, 
duration flood ebb currents, etc. But the investigator finds very diffi- 
cult interpret the effects changes upland discharge any one hydrau- 
lic factor terms change shoaling characteristics. The sediments 
cause shoaling estuaries consist largely flocculated clays and other 
fine-grain materials which, once placed are transported read- 
ily very weak currents. Experience with shoaling estuaries, especially 
navigation slips and dead-end channels, has led the writer the opinion 
that such sediments will transported anywhere that water goes. For this 
reason, establishment single criterion define the hydraulic character- 
istics estuary, and one that can used turn define the principal 
features its resulting shoaling pattern, very important the engineer 
charged with the solution hydraulic and shoaling problems estuaries. 

Within the past few years, the writer has developed method for analyz- 
ing current velocity measurements made estuaries that offers promise 
means for defining the hydraulic characteristics estuary simple 
terms, describing the broad features the accompanying shoaling pattern, 
and predicting with fair accuracy the effects proposed changes upland 
discharge tidal prism hydraulic and shoaling characteristics. 
essence, this method reduces combined analysis the velocities, direc- 
tions, and durations the currents into single expression, and that 


792-5 


expression defines whether the predominant flow any given location and 
depth toward the ocean from the ocean and what percentage the 
total flow the point question. Let say that current velocity measure- 
ments are made per cent increments depth given station over 
complete tidal cycle. conventional plot velocity versus time for each 
point the vertical then made. The areas subtended both the flood 
and ebb curves the plot are planimetered, and the total area thus deter- 
mined provides index the total flow the point measurement. The 
area subtended the ebb curve then divided the combined areas 

the flood and ebb curves, and the resultant determines what percentage 
the total flow the point measurement downstream toward the ocean. 
From the value thus determined from each point the vertical, second 
plot constructed define the distribution flow from surface bottom 
for the vertical question. emphasized that the plot described above 
does not represent the distribution discharge from surface bottom, 
since the cross-sectional area the channel does not enter into the compu- 
tation. Rather, the plot defines the direction and degree predominance 
flow from surface bottom the vertical question. 

Let use Savannah Harbor, roughly mapped fig. illustrate the 
value this method analysis. Fig. presents flow predominance curves 
for various locations Savannah Harbor. Field data used this analysis 
were obtained for conditions mean tide and normal low fresh-water dis- 
charge (5,670 cfs). Flow distribution curves for stations and 109, which 
are upstream from the tip the salt-water wedge for all most the 
time, indicate that more than per cent the flow downstream all 
depths. station 130, which the upstream limit salt-water intrusion 
all most the time, flow predominantly upstream the bottom 
per cent the channel depth and predominantly downstream the remain- 
ing per cent the depth. all other stations, which are down- 
stream from the intrusion limit all times, flows are predominantly down- 
stream from the surface about middepth and are predominantly upstream 
from about middepth the bottom. 

Fig. presents different method for plotting the results the above- 
described analysis. this figure, the percentage total flow downstream 
surface and bottom for each station plotted against channel stations. The 
resultant curves indicate those regions the harbor which the currents 
the depths under consideration are predominantly upstream down- 
stream and what degree. 

Study the flow distribution curves figs. and has led the writer 
the following conclusions: (a) for the conditions tide and upland discharges 
considered this analysis, sediment entering the upstream end Savannah 
Harbor moved progressively downstream all depths the vicinity 
station 130; (b) sediments transported the bottom strata will deposited 
the vicinity station 130, since the predominance upstream flow along 
the bottom throughout the remainder the harbor will prevent further move- 
ment such sediments toward the sea; (c) sediments carried the upper 
strata will transported toward the sea, but major portion these sedi- 
ments will sink into the bottom strata during intervals slack current and 
will carried upstream the vicinity station 130 the predominant 
upstream flow the bottom strata. Therefore, for the above conditions 
tide and upland discharge, the reach channel the vicinity station 130 
and upstream therefrom should subject very high shoaling rate 
these data can fact used predict the location major shoals. 
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Maintenance dredging records for Savannah Harbor indicate that far 
the largest shoal the harbor located and upstream from station 130, 
and has been determined that the rate shoaling this reach channel 
greatest for fresh-water discharges the same order magnitude 
that occurring the time the field velocity measurements used the 
above analysis. Greater smaller fresh-water discharges will shift the 
location the point zero predominance bottom flow (50 per cent total 
flow downstream) the harbor and thus shift the area most rapid 
ing. The writer has been informed that few years ago the fresh-water dis- 
charge into Savannah Harbor was held about 20,000 cfs for period 
several months operation the outlet works Clark Hill Dam, and 
was noted that shoaling occurred the vicinity station 130 during the 
entire period, especially the upstream portion the shoal area. 

second example the usefulness the above-described method 
analysis, and one chich will demonstrate that different portions the same 
estuary may well mixed and partly mixed for identical conditions tide 
and upland discharge, let consider the case Carquinez Strait the 
San Francisco Bay system (see fig. 7). Carquinez Strait about 8.2 miles 
long, has average width about 0.75 miles, has mean depths ranging 
from about ft., and the only connection between San Pablo Bay 
the west and Suisun Bay the east. Almost all the fresh water entering 
the bay system introduced the Sacramento and San Joaquin Rivers the 
east Carquinez Strait and therefore must pass through the strait. Field 
data used the analyses described below were obtained for conditions 
mean tide and fresh-water discharge about 25,000 cfs. 

Fig. presents curves showing the vertical distribution flow for 
Crockett cross section the westerly end the strait and Benicia the 
easterly end. Crockett, the flow predominantly downstream the 
upper third the depth and predominantly upstream the lower two thirds, 
while Benicia the flow predominantly downstream throughout the com- 
plete depth. Since the volume fresh water passing both these points 
during tidal the same, the difference flow distribution must 
attributed great turbulence produced tidal current velocities the 
strait which effectively mixes the salt and fresh water and thus prevents 
stratification. Crockett, however, the density difference between the 
mixed water the strait and the salt water San Pablo Bay sufficient 
cause stratification the westerly end the strait and thus result 
vertical flow distribution characteristic the partly-mixed estuary. 

The characteristics the flow distribution curves fig. indicate that 
the westerly end Carquinez Strait should accumulate light-weight sedi- 
ments, since such sediments would moved predominantly downstream 
throughout the full depth the easterly end the strait and trapped 
the predominantly upstream flow throughout the bottom two-thirds the 
depth the westerly end. Tidal current velocities Carquinez Strait prop- 
are much too great permit significant deposition light sediments; 
however, Mare Island Strait joins Carquinez Strait near its westerly end and 
the location the most serious shoaling problem the San Francisco 
Bay system. Maintenance dredging records indicate that average about 
3,000,000 material per year must dredged from Mare Island 
Strait maintain adequate navigation channel the Mare Island Navy 
Yard. the opinion the writer, the vertical distribution flow and 
adjacent the westerly end Carquinez Strait largely responsible for 
the great amount shoaling Mare Island Strait through provision 


almost unlimited supply sediment the entrance the strait. 

The obtaining sufficient prototype data show how the flow distribution 
given estuary affected upland discharge over wide range condi- 
tions very difficult undertaking. Such data may obtained readily and 
economically means hydraulic models, but for the purpose this par- 
ticular paper the writer prefers use prototype data only. Fortunately, 
series current velocity measurements were made Savannah Harbor 
few years ago, and data obtained one point were sufficiently complete 
permit detailed analysis flow distribution over wide range upland 
discharge. The results this analysis, which show the predominance 
flow surface, middepth, and bottom for upland discharges ranging from 
low about 3,000 cfs high 66,000 cfs, are shown fig. 11. 

The flow distribution curves fig. indicate that for zero upland dis- 
charge the flow almost exactly per cent downstream and per cent 
upstream all depths. Without upland discharge, there predominance 
flow either direction any depth, because there possibility 
stratification. the upland discharge increases, flow the surface strata 
more and more predominantly downstream until, upland discharge 
about 40,000 cfs, the direction flow the surface strata downstream 
throughout the tidal cycle. middepth, the percent total flow downstream 
increases from about the upland discharge increases from zero 
about 10,000 cfs. Flow these strata remains about per cent downstream 
until that the surface strata 100 per cent downstream, following which 
there sharp increase the predominance downstream flow mid- 
depth. For upland discharge 66,000 cfs, flow the middepth strata 
about per cent downstream. the bottom, the percentage total flow 
downstream decreases sharply from per cent zero upland discharge 
minimum about per cent for upland discharge about 20,000 cfs. 
Further increases upland discharge above 20,000 cfs gradually increase 
the percentage downstream flow the bottom strata; however, for dis- 
charge 66,000 cfs the total flow downstream the bottom strata only 
about per cent, compared per cent for zero discharge. 

The upland discharges into many estuaries have been modified recent 
years the construction and operation dams and reservoirs for flood 
control, generation electric power, irrigation, municipal water supply, 
and other purposes, and many more such modifications are planned for the 
future. some instances, significant quantities upland discharge have 
been diverted from one watershed another with the result that the upland 
discharge into one estuary may increased while that into another may 
reduced. Reservoir operation for any purpose usually results reduction 
peak upland discharges and increase low discharges. the opin- 
ion the writer that serious shoaling problems may have been created, and 
the severity other already existing shoaling problems may have been in- 
creased, changing the upland discharges into estuaries without due con- 
sideration the effects such changes resulting hydraulic and shoaling 
conditions. 

the basis analyses and discussions presented the foregoing para- 
graphs this paper, the writer has arrived the following general conclu- 
sions: 

The degree mixing salt and fresh water estuaries plays im- 
portant role establishing their hydraulic regimens. Since has been dem- 


onstrated that the shoaling remimens some estuaries are related directly 
their hydraulic regimens, follows that the degree mixing also plays 
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important role establishing their shoaling regimens. 


Because incomplete mixing salt and fresh water estuaries, the 
predominance flow the bottom strata almost always upstream while 
that the surface strata downstream; the degree such predominance 
dependent the degree mixing, being most prominent the highly- 
stratified estuary and least prominent the well-mixed type. 


Changes the upland discharge, tidal prism, and physical configura- 
tions estuaries will frequently change the degree mixing salt and 
fresh water therein and thus affect such important features the vertical 
distribution current velocities, the direction and degree flow predomin- 
ance, the amount shoaling, and the location major areas. 


Available data indicate that light-weight sediments are supplied 
estuaries principally through the medium upland discharge. therefore 
follows that upland discharge plays dual role the problem estuarine 
sedimentation, since large portion the potential shoaling material 
supplied one the three principal contributors the resultant hydraulic 
regimen. 


The magnitude changes upland discharge into estuaries usually 
far exceeds that changes tidal prism physical configuration. For 
this reason, and because upland discharge primary importance, 
follows that major changes upland discharge should accomplished only 
after consideration all probable effects. 
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JANUARY: 583(ST), 584(ST), 585(ST), 586(ST), 587(ST), 588(ST), 590(SA), 591(SA), 
592(SA), 593(SA), 594(SA), 596(HW), 597(HW), 601(CP), 
602(CP), 603(CP), 604(EM), 605(EM), 607(EM). 


FEBRUARY: 608(WW), 609(WW), 610(WW), 611(WW), 612(WW), 613(WW), 614(WW), 
626(HY), 627(HY), 628(HY), 630(HY), 631(HY), 632(CO), 633(CO). 


MARCH: 634(PO), 635(PO), 636(PO), 637(PO), 638(PO), 639(PO), 640(PO), 642(SA), 
643(SA), 644(SA), 645(SA), 646(SA), 648(ST), 649(ST), 650(ST), 651(ST), 652(ST), 
653(ST), 655(SA), 656(SM)°, 657(SM)°, 


APRIL: 659(ST), 660(ST), 661(ST)°, 662(ST), 663(ST), 666(HY), 
669(HY), 670(EM), 671(EM), 672(EM), 673(EM), 674(EM), 675(EM), 676(EM), 677(EM), 


MAY: 679(ST), 680(ST), 681(ST), 683(ST), 684(ST), 685(SA), 686(SA), 687(SA), 688(SA), 
690(EM), 691(EM), 692(EM), 693(EM), 694(EM), 695(EM), 697(PO), 698(SA), 
700(PO), 


JUNE: 702(HW), 703(HW), 705(IR), 706(IR), 707(IR), 

712(CP), 714(HY), 715(HY), 716(HY), 717(HY), 
729(IR), 731(SU). 


JULY: 733(ST), 734(ST), 735(ST), 736(ST), 737(PO), 738(PO), 739(PO), 740(PO), 
742(PO), 743(HY), 744(HY), 745(HY), 746(HY), 747(HY), 749(SA), 
753(SM), 754(SM), 755(SM), 756(SM), 757(SM), 


AUGUST: 762(ST), 763(ST), 764(ST), 766(CP), 767(CP), 768(CP), 769(CP), 
771(EM), 772(EM), 773(SA), 774(EM), 775(EM), 777(AT), 778(AT), 
780(SA), 781(SA), 783(HW), 784(HW), 785(CP), 


SEPTEMBER: 788(IR), 789(HY), 790(HY), 791(HY), 792(HY), 793(HY), 
795(EM), 796(EM), 797(EM), 798(EM), 800(WW), 802(WW), 
804(WW), 805(WW), 806(HY), 


Discussion several papers, grouped Divisions. 
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